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For a varicty o f image processing tasks. such as biological vision modeling, sterco range finding,
pattern recognition, and progressive transmission of compressed images, it is desirable to have
image data available at varying resolutions to increase processing spced and cfficiency. The user
can then obtain aframe of data at the lowcsl resolution necessary for the task at hand and eliminate
unnecessary processing steps. Multircsolution image data is usually generated through an image
pyramid approach implemented in softwarc. Typically each image levelin the pyramid isa low-
pass filtercd anti down sampled version of the prior level, although block averaging and down
sampling can also be used (o generale the pyramid. Construction of the multiresolution pyramid is
often the most computationall y intensive and time consuming portion of the image processing task
(e.g. hundreds 01 milliseconds for a 512 x 512 image).

In this work, a novel CMOS active pixel sensor (APS) array that can beread out at any user-
defined resolution is described. Rather than bu ild up and store an ent irc image pyramid and then
choose the correct resolution, the imager itself is read out at the desired resolution utilizing block
averaging. At each resolution less than the highest (readout of every pixel), alocal average of the
pixels is uscd to crecate the lower resolution “pixel” value. By combining the programmable
windowing capability of AT'S arrays with multiresolution readout, tremendous savings in
processing time can be realized. For example, a low resolution image (say 64 x 64 out of 512 x
51 2) can pe read out and quickly processed to determine areas of interest. The subsequent franc

can then be read out at a much higher resolution in the specific window which contains the area of
interest.

The architecture for the multiresolution sensor consists of ii 128 x 128 ar1 ay of active pixels which
arc randomly accessed by row and col umndecoders. The multiresolut ion readout circuit, located at
the botiom of the columns, consists of 3 banks of capacitors interconnected through a set of
programmable switches and 3 shift registers which arc used to store the digital patterns applicd to
the switching network, Operation consists of column aver aging followed by row averaging. Pixel
signals arc sampled onto the first set of capacitors, which arc then appropriately interconnected
such that charge redistributcs to perform signal avcraging of n adjacent pixels, where n is the
horizontal size (number of columns) of the block average (kernel). “The kernel row averages arc
then sampled onto the first capacitor in each n-capacitor block of a row averaging bank of
capacitors.  The process is repeated for each row in the kemeland then the row averages arc
themselves averaged together through charge redistribution, resulting in the final block average. In
order 10 perform correlated double sampling, two banks of capacitors arc used for row averaging:

onc averages and stores the kemclresct levels while the other averages and stores the kernel signal
levels.

The 128 x 128 multircsolution APS 1C was implemented in a single poly, double metal, 1.2 pm
process. The pixel utilizes a photogale structure, measures 19. 2 x 19. 2 jun’, anti has a 30% fill
factor. Correlated double sampling to suppress pixel kTC noise, I/f noise, and fixcd pattcm noise
duc to threshold voltage variations has been implemented on-chip. The array is designed to be rcad
out at avidco frame rate and is cxpected to have adynami ¢ range of 75 dB.
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Array Size:

Pixel size:

Process:

Fill factor:
Programmable Window

Frame Rate:
F ull resolution
Lower resolution
e.g. 64 x 64

Dynamic Range:

Specifications and Projected

Performance

Size:

128x128

19.2 um

1’2 pm CMOS

30 %

rn rows x m columns
n,m..1,..256 ms>=n
30 Hz (T,- 33.3ms)

{T,/n + n(small overhead)) '

{33.3ms/4 + 4(8ps)} v = 119.7 Hz

75dB




